Parental death from suicide is associated with increased risk of suicide in the bereaved child, but little is known about the long-term risks of suicide after parental death from other causes. A better understanding of this association may improve suicide prevention efforts.
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Most children and adolescents adapt to the loss, but some develop preventable social and psychological problems. 5, 6 These bereaved children have been shown to have an increased longterm risk of developing mental health problems and committing suicide, [6] [7] [8] [9] [10] but little is known about the long-term risk of suicide among children who had a parent who died from other causes. 1, 8, 9, 11, 12 Few studies have had sufficient size and follow-up time to investigate the long-term risk of suicide among children with additional vulnerabilities, yet studies point to the following factors impacting suicide risk: low socioeconomic status, family history of psychiatric illness, 9, [12] [13] [14] [15] young age at the time of parental death, 9, 10, 16, 17 and maternal suicide. 10, 18, 19 We hypothesized that accidental and suicidal parental death and shared genes increase the suicide risk among the offspring. 10, 20 In a large population-based cohort study, we aimed to investigate how parental death may influence the long-term risk of suicide among persons who had a parent who died during their childhood and how the risk trajectories may differ by cause of parental death, age of child at time of parental death, sex, time since bereavement, birth order, socioeconomic status, and parental psychiatric history.
Method
Study Population . The unique personal identification number used in the Nordic countries permits linkage of individual-level data between different registers. 21, 22 We excluded children who died within the first 6 months of life because mortality in this age group is mainly due to perinatal and congenital conditions. 23 Offspring who died within 30 days of the parental death were also excluded because the majority of these offspring deaths were due to the same external causes, such as accidents or natural catastrophes.
Exposure Variables and Matching Criteria
A matched cohort was established. Each child in the cohort of 189 094 children who had a parent who died before the child reached 18 years of age (ie, the bereaved cohort) was matched to 10 children who did not have a parent who died before they reached 18 years of age (for a total of 1 890 940 children) (ie, the reference cohort) based on the offspring's age at the time of parental death (±28 days), sex, and country of residence. 
Outcome Variables and Data Sources
The main outcome was suicide among children who had a parent who died during their childhood. We studied whether the incidence rate ratios (IRRs) varied by specific characteristics shown to be risk factors for suicide: sex, child's age at time of parental death, time since parental death, maternal or paternal death, parity, family history of psychiatric illness, socioeconomic status, and parental education level. 6, 7, 13, 16, 18, 24, 25 Data on cause of death classified according to the International Classification of Diseases (ICD) were obtained from national registers of causes of death. 26 In Denmark, the ICD-8 was used during the period from 1978 to 1993, and the ICD-10 was used during the period from 1994 to 2007. In Sweden, the ICD-8 was used during the period from 1973 to 1986, the ICD-9 was used during the period from 1987 to 1996, and the ICD-10 was used during the period from 1997 to 2008. In Finland, the ICD-9 was used during the period from 1987 to 1995, and the ICD-10 was used during the period from 1996 to 2010. 21 Suicides among offspring were categorized by ICD codes (ICD-8 and ICD-9 codes E950-E959 and ICD-10 codes X60-X84). Parental mortality was classified into death from suicide (same ICD codes as suicide in offspring), accidents (ICD-8 and ICD-9 codes E80-E99 and ICD-10 codes V01-Y98), and other causes. Potential confounders or effect modifiers included in the analyses were sex of offspring (male or female), sex of deceased parent (male or female), time since bereavement (0-4, 5-9, 10-14, 15-19, 20-24, or ≥25 years), calendar time at parental death (before April 4, 1995 or April 4, 1995, or later), offspring age at time of parental death (0-5, 6-11, or 12-18 years), birth order (1, 2, or ≥3), age of surviving parent at bereavement (<35, 35-44, or >45 years), country, parental socioeconomic status (not in labor market, unskilled worker, skilled worker, or white collar worker), parental education level (≤9, 10-11, or ≥12 years), and psychiatric illnesses of parents. Psychiatric illnesses of the children were considered a confounder but were not included in the analysis because too few cases were available.
Data on birth order were retrieved from the national medical birth registers, 21 which contain information on all births in the study countries. 27 Data on parental education and socio- 
Statistical Analysis
Descriptive statistics were applied to explore baseline characteristics and incidence of suicide. To assess the absolute risk, we calculated the unadjusted cumulative incidence proportion for boys and girls by using the competing risks method while accounting for offspring death by other causes. 30 The IRR for suicide in the offspring was calculated using a Poisson regression model with the logarithm of the person-years as an offset variable. 31, 32 To account for heterogeneity between strata, we applied a cluster-robust variance estimation. Regression analyses were adjusted for sex of offspring, calendar time at parental death, offspring age at time of parental death, and country of residence. The association between suicide and parental death was examined across subgroups of children based on sex, calendar time at parental death, maternal/paternal death, cause of parental death, offspring's age at time of parental death, psychiatric diagnoses at baseline of surviving parent, psychiatric diagnoses of deceased parent, country of birth, age of deceased parent, age of surviving parent, birth order, parental education level, and parental socioeconomic status. A hypothesis of no interaction was assessed using a Wald test. A forest plot was used to illustrate associations ( Figure 1 ). Furthermore, we examined the association between incidence of suicide and time since bereavement. All data handling and statistical analyses were performed with SAS statistical software, version 9.2 (SAS Institute Inc), and Stata, version 11 (StataCorp).
Results
Within the total population of 7 302 033 persons, we identified 189 094 offspring (2.6%) who had a parent who died before the child reached 18 years of age (ie, the bereaved cohort) and 1 890 940 children who did not have a parent who died before they reached 18 years of age and were matched by age, sex, and country of residence (ie, the reference cohort). During 28.8 million person-years of follow-up (range, 1 day to 40 years; median, 13 years), 1607 of 2 080 034 persons (0.08%) died from suicide (ie, both cohorts), 265 (0.14%) in the bereaved cohort and 1342 (0.07%) in the reference cohort. Baseline characteristics show that the parents in the bereaved cohort were more likely to be older and to have 9 years of education or less, a low socioeconomic status, and several psychiatric disorders (Table) . The crude risk of suicide was higher in the bereaved cohort than in the reference cohort for all groups presented. During the first 25 years of follow-up, the cumulative incidence proportion of suicide was higher among boys (4 suicides in the bereaved cohort and 2 suicides in the reference cohort, per 1000 boys) than among girls (2 suicides in the bereaved cohort and 1 suicide in the reference cohort, per 1000 girls) (Figure 2 Overall, the IRRs of suicide remained high for at least 25 years after parental death (Figure 3) . The IRRs for risk of suicide based on time since bereavement did not vary much by age of the child at the time of bereavement (results not presented).
Discussion
In this cohort study, parental death during childhood was associated with an increased risk of suicide for the offspring, which lasted for at least 25 years after the parent's death. In the bereaved cohort, the highest risk was found among children bereaved by parental suicide (particularly boys who had a mother who died of suicide), first-born children, and children who had a parent who died before the child reached 6 years of age, but the risk was also markedly increased for children bereaved by parental death from other causes. The absolute risk of suicide during the first 25 years of follow-up was 4 in 1000 boys and 2 in 1000 girls who had a parent who died during their childhood.
Our finding of a more than 3-fold higher risk of suicide among offspring who had a parent who died of suicide during their childhood is consistent with several other studies. 6, 7, 9, 18, 24 However, to our knowledge, only 1 study 9 has examined whether this risk also applies to the death of a parent due to other causes, which is a more common exposure. A cohort study 9 conducted in Sweden in a subset of our study population observed 503 229 offspring who had a parent who died before the child reached 25 years of age and found an IRR of sequent suicide attempts. In comparison, the cohort in our study is based on data from 3 Nordic countries known for high statistical precision, and we found that parental death from other causes was associated with an increased risk of suicide.
Only a few studies have had sufficient size and follow-up time to evaluate the risk of suicide among high-risk children and to consider timing. We are aware of only 1 previous study 9 that assessed the suicide risk according to age of child at time of parental suicide. Exposure to parental suicide before the child has reached 17 years of age was associated with a 3-fold increased risk of suicide compared with exposure in early adulthood (≥17 years of age). 9 One other study 18 found that children who had a mother who died of suicide had a higher risk of suicide attempts compared with children who had a father who died of suicide. In the present study, the data allowed us to establish an increased risk after maternal death; this risk was much more pronounced among boys than girls. Furthermore, first-born children had a slightly higher risk of suicide after the death of a parent compared with second-born or laterborn children. This is in contrast to the finding of a recent British birth cohort study, 19 which reports an increased risk of suicide among later-born children. The underlying mechanism for an association between birth order and risk of suicide after parental death is unknown. We speculate that this might be explained by a number of first-born children being thrust into a parental role and children classified as "first-born" who are actually the only child in the family, which might increase their vulnerability to familial loss. In addition, an association between suicide and a family history of psychiatric disorders has been established in earlier Danish register-based studies. 12, 13 Generally, inconsistencies in the results might be explained by differences in exposure (parental suicide rather than parental death from other causes) and in outcome (suicide rather than suicide attempts). The sample size of our study is unparalleled compared with other studies on the risk of suicide and provides estimates with high statistical precision, even in most of the subgroup analyses. We established a cohort of all children in Denmark and Sweden and a large random sample of children in Finland, and we observed the study participants for up to 40 years, virtually without loss to follow-up. Bias due to selection of study participants, therefore, cannot explain our results. Although, to our knowledge, the present study is the largest of its kind, the investigation of the interaction between suicide and psychiatric disorders was challenged owing to the rarity of the events, and psychiatric disorders in offspring who died by suicide were so rare that this factor could not be fully investigated.
In the Nordic registration system, the overall validity and the overall completeness of the records of death are close to 100%, which ensures that the classification of overall death is accurate. However, the quality of registrations of cause of death is known to vary on death certificates. If physicians are corded for persons whose conditions were diagnosed by a psychiatrist only, our study holds no information on the large group of persons who are treated for mental health issues in primary health care. However, we believe that the effect of such potential misclassification is likely to be small. Furthermore, data on parental education level were available only for Denmark, and data on socioeconomic status and psychiatric disorders were available only for Denmark and Sweden.
Although we adjusted for several potential confounding factors, residual confounding by unmeasured factors cannot be ruled out. Our register-based study had no information on important risk factors such as genetic factors, the parentchild attachment pattern, the social network, lifestyle factors in the family, and social and psychological distress in the immediate aftermath of the parent's death. Bereavement is just 1 step on the causal pathway between parental death and suicide risk among offspring and, therefore, should not be adjusted for. 33 The underlying causal mechanism for the association between parental death and subsequent suicide risk among offspring remains unknown. Because many potential mechanisms may lead to suicide after parental death, several explanatory models have been considered. Some studies suggest that suicide after parental death may reflect a shared genetic and epigenetic component triggering mental health problems.
12,20,25, 34 Melhem et al 35 have shown that variations among offspring reactions to parental death may be explained by factors that antedate the death of the parent. Other studies have indicated that suicide is a consequence of psychological and biological stress responses to the psychological trauma caused by the loss of an attachment figure, which has been shown to lead to hypothalamic-pituitary-adrenal dysfunction, complicated grief, impaired emotion regulation, subsequent mental health problems, and susceptibility to suicidal behavior. 4, 5, [36] [37] [38] [39] Furthermore, a social-oriented explanation points to social and economic disadvantages in the bereaved family and the potential effects on parental resources, the social network, and environmental settings, although the psychological health and resilience of the surviving parent will still play a vital role. 1, 2, 20 These potential mechanisms may interact and thus increase their effect on suicidal behavior in vulnerable groups. Hence, the pathways from exposure to outcome are likely to be individualized, multifactorial, highly complex, and hard to map. Nevertheless, our study suggests that a trajectory leading to suicide can have its roots in early-life conditions, such as the death of a parent. Because the present study is based on Nordic health registers, the generalizability of the findings may be limited to primarily Nordic and Western societies. The Nordic health care systems are publicly funded and easily accessible, which may affect both health care patterns and risk factors. Yet, the associations revealed in our study add to the literature on the far-reaching effects of parental death during childhood. Suicidal behavior is preventable, and early mitigation of risk may have beneficial effects. Yet, the development of clinical and public health efforts is challenged by the rarity of suicide, the highly complex pathways from death of a parent to suicide, and the long-term risk profile of offspring who had a parent who died of suicide. Hence, the challenge is to identify the very small subset of people for whom the risk of suicide is high enough to make treatment ethically and financially worthwhile. Future public health strategies could focus initiatives on families with a history of suicide and psychiatric disorders and provide social welfare programs to reduce exposure to social and financial stressors. One targeted preventive strategy would be to monitor distress in bereaved children and provide support to help highly distressed children cope with bereavement.
Conclusions
In conclusion, parental death during childhood was associated with a long-lasting increased risk of suicide among offspring who had a parent who died of suicide or other causes. The underlying causal mechanism may be attributed to shared genetic dispositions, environmental factors, social changes, and psychological stress originating from early-life conditions. Preventive efforts are challenging because of the highly complex interactions among family members and the long-term risk profiles observed among offspring. Our study points to the early mitigation of distress to reduce the risk of suicidal behavior among children who had a parent who died during their childhood.
